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WORK COMPLETED DURIL.G T.IS JQUARTER

The analytical development of a radiation method has been
completed. Various types of radiation; i.e., chargel particles,
neutrons and electro-magnetic radiation of various wavelengths
were considered, Various geometrical arrangements were studiea.
The requirements for a workable system have becn established anc

are documented herein.

WORK TO_DE ACCOLPLISHED LEXT JUARTER

The design approach will be reviewed with MSFC contract
supervision. Upon their approval detail design aand fabrication

of the prototype system will commence,
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1.0 AIALYTICAL DEVELOPMENT

{

The work statemert under Contract No. NASC-11311 requires an

——.

" analytical developuent cf a radiation rethcd of .easuring the mass

S~

n large propellant contaigiiij "Large' 15 defined orly loosecly

e

as '"'greater than 5 x 50 fecet "

In addition to the analytical developuent Contract NAS&-11311
requires that a woriable prc.otype systen be providcd; By agree-
ment with the contract supervisor, the required prototype is to ne
built for evaluation on the S-IVB LHo slosh tam« at MSFC, The
first requirement has becen fulfilled and is docuented nerein.

A preliminary design for the prototype systen has Leen com-
pleted and 18 alsc presented in this report. Upon approval of the
preliminary design by NASA, detail design will be conizenced.
Aprroval of the detail design will be secured prior to fabrication.

1.1 Factors Constraining the Systeri Desin. The specific

. \ e .
requirement 18 tolmeasure mass usin

g radiation. The interactior:
of radiation with matter depend upon mass, “ut also on radiatior
type, intersity, quantumn ecnergy, the geowetrical relations betweon
the source(s), detector(s) and mass being measured, &2 atomic
constitution and density of the mass being measured.

In addition to the basic physical laws several practical
constraints such as cost, ease of handling, health uacards, loss
of sources in case of accident, size, weight, and hardware avail-
ability had to be considered., The following paragraphis treat =ach

of these constraints in detail.

fe
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1.2 Selection of Type of Radiatiocn

1.2.1 o _anc_ - Radiatiorn. The larca tak sizos inveolvae: an.

the requirement Ior direct mass measuremort jreclule the use of a

a or * radiatiomn. Thus, only neutrons and clectroid..iatic ra .latio

are to be consi‘lered,.

e

1.2.2 Jdeutrons. Assume that the neutron source is locato.

tive center of tine rfuel tank and that the personnel zopreaen o cluser

tiia one foot outsile the tani:., The tark 1i: assumed to be 1 oot

mdy be neglected because any other sopurce-detector confizuration
would result in an even greater radiatior doce rato.
A typical sonrce is a mixture of A.-2"1 an:i "o-2 Jgte

’

Am-241 has a 458 year half-life and decavs 5, tne 24incion ol

to:

tot everv alpha particle produces a neutron. In Iact, for 3. i

alplias, the neutron vield in tue suggeste’® :zource 1s aout 1ug

neutrons per 107 alphtas: i.e., as efficiencrs of 0.u14. Tae
neutrons so produced will have & continucus ereryy distribution

varying from thermal to appro:imdately 11 llov. Some 4, of tha
emitted ueutrons will have energies in excess of 3 Mev, hile

approximately 857 of them will have energsies reater than 1 tiev,
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Consider the fcllowing table of allowed neutron dose rate

based on 0.3 rem/40-hour week¥,

Neutron Flux

Neutron Energy (n/cm?[secondl

.025 ev 2,000

10 ev 2,000

10 Kev 1,000
0.1 Mev 200

0.5 Mev 80

1 Mev 60

2 Mev 40
3-10 Mev 30

In view of the expected neutron energy spectrum and the
above table, the radiation health hazard will be calculated by
assuming that all of the neutrons have an energy of 2 Mev and that
the allowable flux (for 2.5 mrem/hour) is 13 n/cmzlsacond at one
foot outside fuel tank walls. The radiation dose due to 60 Kev
gamma rays from the Aw~241 will be negligible if the tank walls are
= 0.4 inch stainless steel. This will be assumed to be the case.

In the following calculations, the source strength will
be selected so that the neutron dose rate at the point of nearest
approach to the tank (10 feet from source) is never greater than
13 1-Mev neutrons/cmz/second, or their equivalent. To calculate
the required detector area, an average source-detector distance of
13 feet will be selected to take into account the probability that
the detectors will have to be scattered over the entire tank

surface in order to obtain the necessary accuracy under different

* Price, Horton, Spinney, Radiation Shielding, p. 10,
(McMillan, New York, 1957)
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operating conditions. 7o obtain the detccror z-ea, it i35 first

v

necessary to calculate the counting rate required for the desired
fuel accuracy of C.Z5%.

It 18 required that the number of counts I’ during the
response time T be such that the change in count rate duc to a

0.25% change in the full tank fuel mass (M) will be 23 great a

42}

the stanuard deviatiorn. (-) of the counting rate. For craple,

LLD
consider the cagse of an cupty tank where thera iy a2 neatron flux

i at the position of the "average' Jdetector. Assume a reiponso

a3)

time of T = 2.5 seconds. The total number of cou.ts durci

response period will ther be e T ®ARE T uhere A i the

datector area and E 435 its neutron detectron africinncy, Then it

—

is require~ chat fh, = 7 =D whare A is the charge in B
resulting from an i.crease in fuel mass of .JJ20M.
For simplicity, assume that the Zecrease ia counting

. P 2 - —~ . . L —~ v 3
FO e inecyresse o Luel wa3s, and

e

e 1is directly proportiona

¥

rg

furthernore that the addition of the last drep of fuzli to £ill the

fank causes the counting rate to becowme zaero., (T:1: 1s an extrouely

optimistic assumption, but will serve for these sinarle calcularions.)

Tnen, when the tank is enpty, the required value of N will be

NN - -
R C . ae - NS N . " o .
Yo T s s liel, L= 1.6 x 107 counts/szcond,  As the tank Zills,
the counting rate g will declire (and so ill ~ = vl ), but

AN./:M will remain constant, so that the sccuracy condifrion 4l =

-~

will always be maintained or exceeled Ffor guarcer percent fuel

changes.
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In order to ontainm U, = 1.4 % 107 counts/second at t

[
[

averace detectdr position when the tamk is 2npty, while allowing

]

- - 2 - . .
neutron flux of only 13/em™/szcond at 10 fcet from the 3ource, tne

RIS S Y- S

product A x E will have to be =7 « (Ij) = 2,1 5 107 em”

= 2.1 mz. nswever, siice the efficiency E is less than luk Lor Tast
neutrons when using any detector of an acceptable size, thea detzctor
area required will be approximately 21 m:. Obvionsly, such @ svooen
size is unacceptable. 1In fact, a Jetactor rea of J.Z m: woul. seon
to he the naximum compatible with obtainiug a siznificant wvelght ro-
duction over present systews,

In addition to the healtn hazar. problen with acutrons,
source coste would be quite high. Assume thac a Jetection sysioenm

1

which gives the desired accuracy within tolerchle tose rate lizits

-
1 -

could be devised. Then, to obtain the requirz! 1. c1 Tsec 1 at
10 feet, the source strength must be:

I, = 3= i7= (10 x 20.9)

.
1.5 x 10" =7 sec

- 1 .
This in turn would require 1.5 = 101“ a perticles per

93]
[
o
@]

corresponds to about &4 curies of Am-241, Tie cost ol the Auericiua
alone would be about $5,030.

1.2.3 Eleetromagunetic Radiation., Ti.e nrevious paragraphs

lead to the conclusion that the cesired svsten can o2st be
syathesized using electromagnetic raiiation., I tuds corclusior ic
accepted, the problem necomes one of selecting thie prop2ar wavelength

or quantum energy, Tois prodclen is Lest approache’ anzlvtieslly




from a gencral consideration of the interactions of elecrromagnetic
enercy with matter.

Description of Uncollided Flux - As a bea: of elactro-

maznetic radiation traverses mattcr, a variety of interactions mray
occur. A detailed description of these interactions and their
relative probabilities is given in Appendix 1. For the purpose at
hand the nature of the processes are not of great concern, since
the effects of the interaction on a radiation detector are all the
same; i.e., interaction of the radiation bean with the natter
between the source and detector is cb3erved as renoval of encrgy
from the beam incident on the detector, resjardless of the physical
nature of the individual photon interactiors.

The above remari'c are illustrated by Figurc 1. Individual
pheotons may be either scattered from the beam or cowpletely absorwed.
In cither case they do not reach the detector. The zituaticn is
somewhat complicated by the fact that a phcton scattered from the
beam may be scattered again back into the beam. Such a photon will
have lost considerable energy as a rasult of the scactering, and
consequently will produce a smaller pulse in the detector output
than will a photon which has reached the detector with no collision

of any type. Thus, rultiply scattered photors may be rejectad fron

o

the detector output by pulse height discriminatior. The photons
which traverse the entire path between source and detector without

interaction are referred to as the uncollided flux.
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Significance of Uncollided Fiux - In the quanium enersy

range of interest in this discussion all intcractions between
photons and matter involve only the electrons of the matter, The
interactions are all of a statistical nature, and it is convenient
to describe the processes in terms of the probability that a photon
will, in traversing a given amount of matter, undergo a ziven inter-
action, This probability can be expressed as a cross-sectién per
electron., The cross=-section has dimensions of cmz per electron.

Let + denote the number of photons per square cerntincter per second
in the radiation beam.  is called the [lux. Let the cross-section
for scattering be denoted by 7g- Then, if the flux - traverses a
region containing ne electrons, then An, the cxpected nunmber of

scattering events per second is:

so= ag o (1)

Similar relation holds for absorption. The total cross-section
for all events is the sum of the cross-sections for the individual
events since the probabilities are independent. Letting ~ = "a ¥ g

the number of photons in the beam at any point follows the law:
dn = =-ovne : (2)

Equation (2) leads to the familiar exponential lav of abscrption.
In Fizure 2, the reclation between radiation absorption and rass is
depicted., The source S emits 10 photons per sccond. 1f there is
no matter between the source and detector the flux at the detector

would be:
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0y = 7 (3)
(¢}

The number of photons per second N° reaching the detector is:

o - Iofo
] 2
o

1f the space between the source and detector is filled with matter
of atomic number Z, density p, and atomic weight A, then the

number of electrons present in the small element of volume dv is:

Ne - % p dv

(4)
where N is Avogardro's number,
The variation of the number of photons per second from the beam by

the matter in dv is given by:

(UNZ

dn = - jr) p o dv (5)

The quantity in parenthesis is of interest. The dimensions of o
are cm2 (electron)-l. Those of N, Z, and A are respectively atons
per mole, electrons per atom, and grams per mole, The quantity

( o 5%) may then be replaced by u and the dimensions of . will be
cm2 per gram, 1f the cross-sectional area of this element of
volume dv is dA, then dv = dAdR. Further » = H% , whera n is the
number of photons per second entering dv. Using these facts and

replacing ©° %% by 1 equation (5) becomes:

— = -updR (6)

LU
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Integration of equation (0) gives the exponential law:
o}
-u s dR /
n = no e K ( )

Note that ng is the number of photons which would reach the detector
in unit tiwe if the space between the source and detecior is empty.
Let fO be the detector ouiput frequency with no ass bhetween the

source and detector, and let f denote the nurber of uncollided

photons per second countéed by the detecior. Thei:

R
o

- s dR (»

£
log 0
f -

1
o
o
u is a constant for a given raterial and radiation wavelength.
Tuerefore, measurement of the indicated frequency ratio gives the

1d38Ss per usnit area along the path between the source and detector.

In the remaining discussion, equacion (5) forms the basis for
finding an acceptable syster configuration.

1.3 Geometrical Cunsiderations. Tue requirement is to -seasure

mass directly. Furthermore, it is very strongly desired that the
nethods developed be capable of extension to low gravity eaviron-
ments. Even in the gravity case, the liquid will be subject to
density variation, sloshing and boiling. Tuerefore, the systen
operation must be 1ade as independent as possible of the ass
distribution within the tank. 1. this section, it is shown that
this requirement can be met by using the uncollided flux in a

rectangular coordinate systeri. While it is 2ot specifically proved



that no othar method is possible, tue number of alterna

rr
H
<
(™)
w
C

sidered is sufficient to =alie one feel strongly that such is the
case for tanks whose dimensiors preclude the nossibility of '"limear"”
rather than exponential absorption,

1.3.1 jlecessity of Using Uncollided Fius, The flux available

for detection includes the uncollided flux and the scattere! flux.
The exponential law discussed in section 1.2 applies strictly

the uncollided flux. The attenuation giver bv equation (/) will
always be larger than the observed attenuation if the multiply
scattered flux is included in the dctector count rate. Ecapt

ala

under very special conditions”, aimitting the scattered ~lux nates

the system dependent on the aass Jdictribution. Tnis is wlluctrated

’—h

n Figure 3, When only the w.coilide! flux i5 counted tne .ttenuation
is a meazsure of the mass per unit area aloay the straisht oath

-

between the source and detector. 1Ir all cases of Figuce 3 the fuel

3

3 s the same. The amncunt of [lux scattered out of tho Soam is

(1

-~
llg,.,

=

the same in cases (a) and (LY. 7The detector count rate uwill be
appreciably higher in case (a), however, since the pro ahility of

the scattered flux being scatterel asgin into the .ecrector iv higher.

3
[

b

~ For swall tauks; i.e., tlhose less than aovout 7 photon rean free
patns (40 cm of water for Co-60) one can find a misture of scatteraerd
and uncollided flux which sl.ows a photon couw:t artenuation that is

approximately linear with assorber mass, If one then provides uni-
form gamma rav flux throughout the tank the mass of the tark contenrs
is measured. The measurement is independert of position of the -ass
irside. This cannot be done in large tanks

-t
[£%]
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FIGURE 3
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In the case of a samna ray systen a very large practical
advantage is obtained by using the uncollided flux, First of ali
sorie of the uncollided photons which strike the detector will not
be fully absorbed. They will scatter and hence leave only a porition
of their energy. T, be sure that only uncollided photons are
counted one must look at only the full abscrption peak. The
maximum enerzy that a scattered Cs-137 photon can leave in the
detector is about 460 Kev. A fully absorbed piiotor icaves 660 Kev.
In other words one can set the pulse heigiht discrininator so that
only pulses representing energies between 363 Kev and 780 Kev are
counted, Under these conditions a detector zJain change of about
15% can be tolerated without appreciable cliange inr the counting
of the full absorption peak. This removes the uneed for highly
sophisticated gain controls on the detector. In addition, all
noigse pulses except those in the relatively narrow 200 Kev band
are eliminated,

1.3.2 Hecessitv of Collimating The Source. It will be shoun

subsequently that to measure the wass in a large voluue several
’
sources must be used., 1In this section it is shcwn that if one
detector can see mcre than one source, then the syste: hecores
sensitive to fuel movements.
In Figure &, this effect is illustrated, 1n Figure 4(a),

assuming that both sources are cequidistant frou the detector ard of

cqual strength, the detector count rate in Figure 4(a) is:

'.—J
I~
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-.1*R
Eo=ogeT e e Y )
If R1 and R2 are changed:
af = ~fpo(e MRLr - @ RZ gy (10)

From the figure, if R; ® R, ® R. Also:

GRy - 'iRl)

L

Therefore:

> 0 (11)

(12)

Equation (12) shows that the detector output can cirange witiiout a

change in mass. This error can become quite laree if large dis-

placements of the fuel occur.

1.3.3 ilocaessity

for Rectangulay Array of Scurces and Detectors.

In section 1.2 it was
known path (i.e., the

detector) is measured

shown thiat tihe mass per unit arez along a

path between a specific collliiated scurece and

by the urcollided flux along the pzth. It

has also been shoewn that the knowledge of the path is lost unless

the sources are collimated and the scattered Il {s elicinated,

The problem now arises of finding 2z geometyy which cc .:xts mass

per unit area to mass

in a manner which does uot deperd on the

spatial distribution of the mass.



given by

Mathematically, the mass in a closed reyiorn is
(13)

-
m = 'j ; odv
- 7

v

This integral may be set up in various ways depending upon the
For example in polar coordinates:

system of coordinates used,

Al i R{v,?)
[ f r
m o= | j oR%sinvdad-dR (i4)
{ i
S
o} o o
In cylindrical coordinates:
27 Rm z(R,5)
. - -
m = [ : pRd5dRdz ' (15)
/’I /} 4
o o o
In rectangular coordinates:
Xo Yo @ iz, )
[ "
m = / / cdzdydx (16)
J p
o 0 ¢

Now recall the quantity which is measured by radiation assorption.

Equation (8) is repeated here for convenience:

R Z
o)
£ i . ]
1l log "o f tdR = ; -dz (8)
H r | j
/‘ /
o) o]
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Note that equation (16) can be written:

X 7
(o] -0 ;
/ '.'i L‘(X).>7)
m = f iz dy dx (17)
/0
(0] IO -

When this is evaluated over a region of area A:
Z(x,y)

m = A poz (138)

Equations (14) and {15) can be evaluated in terms of the weasure=-
ment provided by equation {$) onlv if - and R can be .eter .i-2d
separately. This cannot be vone frow a measurement of rodistion
attenuation alone., For example, a 10 foot columr of Jensity 1

would give the same answer as a one foot column of density 10.

The possibility of evaluating the rass integral from th2 2brsorption
measurement alone then can best be accomplished in rectangular

coordinates,

The above considerations are entirely mathenatical.
Physicallyv, the meaning of the rciarks made can be scen {row
Figure 5, Polar coordinates correspond to a poirt such as shown
in Figure 5(a). A rectangular system corresponds to the cituation
depicted in Figure 5(:). In Figure 5(a) two distrilutions are
snown. Poth Jistributions have the same mass, but differant
detector readings. - In one case, tie mass corresponding to z viven

mass per unit area is much greater than in the other,
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e same situation is depicted iun Figure 3{.) Jor a
rectangular svstem, In tihis case, the total detector output is ot
changzed. It will be seen that for a ziven nass, the area covered
by the mass 1s inversely proportional to the averave Jistance
traveled by photons zoing through the mass in the i iczte:
direction, TIn other wor.s, the mass per urit area is co..start for
a given mass regardless of irow the mass 1s aistriouted. Tais point
is wmade clearer by considering a corztant de-sity case. Tuis then
is just one average height for a given mass above the i’ area.

1.4 Suwmmary of “cometrv Problems. A li:e source correspon o

to cvlindrical coordirnates, ant also will not work. One =av find
VArious source arrangements correspounding to orhor matienatical
coorcinate systems, Only those corresponding to parallel crans-
mission scem to provide the desirei result., A large umber of
possibilities have been considered in this work, a=i orls to others
ccem to warrant mention and then only to enplai.. wivy they will not
WOYK,

One is the tracer technique. This is highlv .epcr ient on
the mass distribution, and woula pro.avly lave large uncertaiuties
owing to the difficulty of getting uniform tracer -i:ifuslor.

The other is bacsscatter of rgdiacior., T:iis is also
dependent on mass distribution, and for a given source stroncth

will work to only about 1/4 of the depth of the transaission aethod,

LU
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1.5 Error Analysis. So far, it has been shown that a

rectangular array of poirt sources and detectors will mea ure mass
in terms of the uncollided flux along each sourca-detector path,
Tnis gives enough of a basis to perform a genexal error aralysis.
The information provided by the error anal-sis will supply a baczis
for determining the other requirements that the raliation source

and detectors must meet. It suould be noted that to this point
everything said is true for any source wavelength detector, detector
area, source strength, and other system paramcters will fiave to
utilize the results of the error analysis as well as cost, develop-
ment time, safety and other comparisons,

1.5.1 Error Equation. The fundamental equition of tne sysceun

is equation (v):

=
—
Q
aQ
]
‘..4
o
N
i
~~
[y
Ne)

where hi is the length of the particular path along which the
measurement is made, Table I is a list of the symbols use.d in the
error analysis. There are two sources of error, One i: 2l-ctrouic,
the other is statistical because of the rardom aature of photon
emission and absorption. The electronic error vill conzist of a

’

curve fit error and a counting error. Since the requirad count

rates will be moderate, tiere will be little or no count loss error.
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The major electronic error then is in the curve rit. Suppose that
g(fg } is tue operation actually perrormed by the electronics. The:x
io

the relative curve fit ecrror ic:

log Foi C e Eot
i ot (
(: ) = . 20)
¢’y log Ttoi
[

foi may be considerecd constant, since even thoigh it is & random
frequency, it can be determined to any accurdcy desirved cusing
calibration. iet Ti denote the averasge value of [,. Wheu the

relative standard deviation of fi is:

where ot is the time interval over which fi 15 wmeasuores,  EHguation
(21) is obtained from the fact tnat fL follows a Poisson aistribution,

The "true'' mass per unit area along thie path z. ic given by:
4

£ .
1 log “oi _ T.h. (22)
A T. i71 .
i
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The system error is the diiference between cquations (22) and (23):

r - I
. - | S I f .}
5 m Gue) = Loplos b [pok (24)
L i Vi)
f
Solving equation (20) for g (Tg) and substituting this in
i
equation (24) gives:
- 1 F]_on foi . T log foi?
Pifey ~ (vihi)': = == - t]- - (€c).i © (25)
M Yi il i
The relative error is:
r 1
IL - (=) | log foi
o= 1o | il £ (26)
f
log “oci
?i

It is convenient to express equation (26) in terms of the system

sampling time At and the tank empty detector frequency f ., for
t S Tol!
oc

from these parameters, the necccsar’” scurce strenzth detcctor area,

~

and optimum source quantum eneray can be found. It stiould be
noticed that the maximum error occurs when tire tank iz full., At
half-full the statistical error is about 1/5 of that at full tank.

At tank full:

7. o= & £,
i % ol
e = Lus.h. o . o e )
where Kk = ¢ 71 i. 1n addicion ici foi Ac = a. TInen for a one

sigma deviation of fi’ the nmaximun crror would be:

o G 1) liog (@ + 4 £) (27)

1 . i

log k
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Since (gc) must be small compared to 1 if high acciracy is to be
i
had we may use the simpler expression:

ks
e. - (ec) + log (1 + \a)

i

(28)

log k
without serious error,
Equation (28) shows the following important facts.
(1) The curve fit error and statistical error are
independent and additive.
(2) The maximum statistical error depends on the
maximum attenuation, the tank empty frequency,
and the sampling time.‘ ,
The statistical error given by the second term of
equation (28) is controlled by the following factors:
(1) Number of detectors
(2) Source strength
(3) Detector area
(4) Detector efficiency
(5) Source quantum energy
(6) System time response

(7) Fuel density and atomic number

(%) Tank dimensions

The ranges over which these paramcters can be suitably
adjusted will be shown in the next section.
The curve fit error can be reduced to any required value

depending upon how sophisticated the computer is made.

P

’
o
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It can be anti.cipated that a corputer onsiscent vith
the 0,257 accuracy which has been assumed as a design goal would
cost in the neighborhood of $25,000 per unit after development
costs., This is entirely touo expensive for the prototype hardware
to be delivered under the present contract. Therefore, in the
prototype system it is recommended that the sensor outputs be tape
recorded and the curve fitting accomplished on a grcund station

computer. Thus, the prototype system costs are greatly reduced.
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[a)

.2 SYSTEM DESIZ:. CO'SIDERATIOS

Up to chis point 1. Tus Leen shiom that:

(L) Total radiation aticnuation is a easure of .ass per
unit area,

(2) Mass per uunl: areca Is a truc wmeasure of wmass in a
rectangular array,

3 The accuracy attainable with a radial'na svstem can
J J

be analytically predicted,

The remarks up to this point have bean general and applv to
any radiation vavelengtii, tank size or propellant. 1In this section
the constraints imposed bv these and other practical considerations

are discussed.

2.1 Use of Equation {28). 1If tue statistical error is

+

decoted by ¢ ., equation (<5) can be put in the rovm:

N
‘5 o= KI\ 1_) (29)

Equation (29) is plotted in Figure &, For each curve - 1is constant
94

and k/a and k are the abscissas and ovdluates respectively. Thus,

if a given error € is specified one first determines the value of

k from the relation:

k = éi“pi(ni)max (30)

is a constant which depends on the source wavelength ard atomic
nunber, Values of y for x and gamma rays of various wavelengths

are given for several unaterials in Figure 7. Assuming that the

2
e}
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maximum value of p is knowm for the propellant of interest,

(h.) is determined by the tank depth.
17 max ’ *

Having found k, one wmay find from Figure 6 the value of

o =

required to give the desired statistical accurac:. Since now

-
ra

|3 . s . ' .
and 7 are known, a i< known. If one then specifias the permissible

sampling time, the tank empty frequoncy £ is determined. From f

»

the required source strength and effective detector area can de

found. 1In addition, if n detectors are to be used, the overall

1 . . . e 4
Lrue tae statisticai error o

J

statistical crror will be

n

one

[

vn
detector. Thus, if the overall statistical error (tank full) is to

be 0.25% and 16 detectors are to be used, then it is permissible to
use the value ¢ = 0.0l in finding £, from Figure 6.

2.2 Selection of Source Wavciength

2.2,1 Conparison of Qpticai aud Gamma Rav Specira. A con-

siderable amount of attention was given to selection of the appro-
priate wavelength., Visible, x-ray, and gam:a ra, waveleagths are
considered. The problem of utilizing the visible speciruxn wvas
studied by Dr. N. L. Mcise of The California Institute c¢f Technology.
His report is given in Appendix 2. To briefly summarize the results,
it was concluded that:

(1) On purely physical grounds the use of optical
frequencies is feasible.

(Z) A complete investigation of the application of
optical methods was not possible within the budgetary limits of the

present contract since a great deal of hardware developrent would

be required. For example, all sources and dectectors would have to

28
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be inside tiie cani aud Jould uave Lo operate Lrow roow Ceapeiratare

(for calibration) to liquid hydrogen Leamperature. This alone
seemed a formidable enough problen, 1a addition the scatiering of

light is through the classical scattering wccaanism discussced in
Appendix 1., Tinis scatiering occurs witiwul loss of puoton caergy.
It would therefore be aocessary to dase polavization cilects Lo
separate the scattered Llight from tie direct traasmission. Finally,
all the known absorption bands are tco stromg, so that oue would
nave to produce a very narrow Spectrum on the tail of an absorption
band to obtain suitable values of k.

All these problems will require a considerable cxperiuaental
development program. On the other hand it is distinctly possible
that one mav he able to measure mass at wuch greater depths with
optical frequencies, than with gamma rays. Thus, further study of
optical methods may be warranted.

The tremendous advantage of the gamma ray waveleugth is
that the tank wall can be penectrated permitting the dctectors to be
installed outside. 1In addition, gamma ray sources arc virtually
fool proof and simple reliable detectors are available, The dis-

advantage of gamma methods is the limitation of depth (which is

severe with any system) and this can be removed if the equipment

7
.

15 put inside the tank.

In summary, it appears that for a giveu tark size, the
mamna ray method compares faverably with sost otlier techniques, and

is definitely superior for the rarue of tark sizes to be establiished

in a subsequent section.

Lo
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2.2.2 Svutve Quauiuw Boelpy. Bxduwsndtion vi equaiion (£3),

Figure ¢ and Figure 7 reveaisS Lu€ LUL.LOWiag:

(1) The winimum value of UCCLLS fur a K vaiue of

I
a
about 7. Tuuas, fur a giveua accuracy titks value ol h will require
chie lowest source sireugth.
‘ k . . T . - .
(2) 3 Lises slowiy with k above this value, ﬁ rewains
C L e . A3 , . .

within reasonabie bouuds wvuacll k is about L07 aud tite aliowable
‘5 is iess thuu C.01.

(3) The value of . (and hence k for a given situation)

decreases rapidly wich increasing photon energy up to about 10 Mev,.

In finding the optisum source, the following factors
rust also be considered,

(L) Detector efficiency decreases with increasing photon
energy. This offsets the advantages or reduced k.,

(2) Weight required for collimating increases with
photon energy.

(3) The dose rate per pheoton increases with photon
energy,

(4) The scurce should be mornochromatic to retain the
simple logarithmic curve fit,

(5) The source should be cheap.

(6) The source must have a reasonably long half-life.

A comsideration of all these factors has led to the
conclusion that Cs-137 is the best available isctcpe source. 1ts

use in the prototype sysiem is recomended. Cs-137 emits a

Lt
[
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single gaw:a ray line a:z %32 Kev, is readil: avallab.e at a cos:
of oaly about $2 per curie.

2.2.3 Detector Selection. As shown, o-%- thea f:11lr abscrhed
} -

r.rncollided photors are to be counted, T far the grea:est ou.ber

of fully atsorbed particles are tnose wiich are pnoto-clectric

T

l«-J

absorbed. At the Cs-137 gaa line the availavle scintillation
detectors naving good piioto-electric cross-scciions at nls ernergy
are sodium iodide, cesiun lodide and calclwi tungsticzate, Sod.oa
jodide, and cesinn iodide which are roughls co.parable on a cos:
versus efficienc, basis, and sodium iodide is szc.e.':al faster ard
has better light output. Calciwn tungsiirate .5 avallatie ¢l.. «u
sinail crystals, Germanl. solid-state detectors are fair, but at
0L L

Am ooy a’rq e R A el e
s -~ =G e L 1 &)

2d., In all
cases, the detector prices rise sharply as the size is l.creased
berond certain Limits. At the present ti.e, a 2z irch diaseter by

2 inch long sodiu.: iodide detector seeuxs to e the best choice.

Tols detector lhas abcut 177 photo-clectric efriciency at the Cs-137

2.2.4 Effect of Taui: Size and Propelia.t. The .as5 abscrpiion

a A

coefficient, u, for unrdrogen at the Cs-137 za.a liae s 0.15-

. ,
0.072 em“zm ~. The densicy of liguid “-drojges

"3 i 5 e £ e YAV N . ‘°3 B TR R S PRI
ga em T, liquid oxyger is acout 1.i4U 3 < T, a&d l.quid nlLRogen

is about 0.51 go ;m'B. Assune that the axitum exter.al gax.a dose

race shall —ot exceed 10 X/ Y. v i3 also assened r.at a lo-32¢cond
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counting period is tolerable (this is equivalent to a 7.5 secon.
tem R-C time constant as shown in Apperdis ). The reguire.eat

for an external lose rate at the tank suriface of 10 mr/hr iwmpliec
that the maximum flw: at the tank wall Joc3 not oxeaed 7200 photo:us
em™ “sec™! when the tank is empty. This will correspond to an £ of
24,5 KC with the detector described in the pravious secticn. Thi:z
1s equivalent to an a of 2.6% = 107, 7Tle max<imum practical value
of k is limited by Hackground noise consileration, In the Co-137
window the background count for the 2 » 7 detector will be about
2 or 3 sec-l. Tre standar i Jeviatio. of this backorowmd rate is
5 or 6 counts in the 1%-sccon:d sample. 2 tank Foll stancard
deviation should ecrxceed this by at least a factor of 3, thus the
tapk full count vate must not se less thor zhout £0 see . Thag,
k snould not e:mceed gbhout 490. For this value of it

Referring to Figure ¢ this corresponds rCo an 4accisacy (ver lztoctor:

= vyt e 9 [ ~ P [ | A erma-1 2 . A e ey PR 1
of arcout 0‘6//0. Tf z.).L) detectors are uses thi s LVO‘\L.},‘..-. 31‘1\7(‘3 a statrisrical

L otank full, The statistical evvor would Locowe
negligible as the tarnk empties,

The limitation of 400 times on k is somewhat arbitiary
but shows that for liquid hydrogen with . = 0,135 axd = = ). .7, the

mavimum depth is around 550 ¢m or 1»s femt. For liquild oxysen the

h
@

maximum depth would be about 34 cm (7.7 foet) and for nitro
105 cm (3.4 feet). Tanks of these sizes and smaller can be oo ilad
with one set of sources and detectors. For laruer ta s,

the problem can still be solved out one =must iviie chie tan:

into sectrions and use additional detectors.,

Lo
i
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Each application would hiave cto be consiidered separately, since
obviously many poscible arrargemerts cxidt., For exauple, if the
sources and detectors are arranged as in Fijure -(a), a liquid
hydrogen tank 30' long would fall withiia the lisics estatlisoed
above., The numoer of detectors is doubled, and in aany coufiguratiors
some of the detectors would lLiave to be inside, Under zerc ravity
conditiong, it is immaterial whether the measureiert is made along
the tank axis or across. Zenesg, the arrangement of Figure (L)
could be used., Tnis allous external location of all detectors an.d
will work on liquid hydrogen tanks up to 37 foot diaaetsr of anv
length, The numober of detectors required 15 quite large, butb tais
will not be toc cerious a limitation witl: Zolid-gstate detecuors.,
Figure 8(c) Jdepicts a third possible arvangc.e -t Li.hr L1t be
ueed with very dense propellants in lar,c containers, As wany

iterations as required can oe used.

.

2.3 Radiarion Safaty Consideretiors., For cae larger carye

[#4]

sizes wWhiech may come under consideration, tie fotal source stvonjin
requived begomes rather large. This 15 0. no coanseguence inder

rormal conditions siuvce:

(1) The srssten has been desizned vwich external dose
rate as the limiting factor.

(2) The sources can be removed ard inccailed By re g2
control if the total activity is hisu orou’i, to varvarnt ohls.

(3) The cource matevial ic <hean.
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The only radlation hazard involved is in accidental loss
of the sources. Again, the consequences of loss are not severe
unless the radioactive amaterial is scatterad in a way which makes
recovery difficult or impossible.

The sourcas will be Cs5-137 pelletg. The Cs~137 1s bound
in caramic material (3M Corporaticn micro $pheres) which will
remain intact under severe m@chanical shock, acid or water attack,
and temperature up to about 1600 K. Sinee the teaperature in a
hydrogen fire may reach as much as 6700°R, (3823°K) additicral
temperature protectlion is required. This will be provided by the
tungsten collimating shield completely enclosed in 1" of grapnite.
The combined oxidation and sublimation of graphite in air at 4000°K

is less than 3 inches per hour, It is tentatively assumad that this

is sufficient protection. If not, more can be provided. iie gources

then, will remain intact in the event of an accidental fire or

explosion, and can be recovered, The Cs-137 source strength per

1]
—H

source required for 0,5% accuracy wita various deptus of aydrogan,
oxygen and nitrogen are shown in Figure 2. A 2' x 2" sodium iodide
detector and 7.5 second sampling time are assumad. It should be
noted that different curves result if different source energy.
detectors or sampling times are used. For the very small hydrogen

-

depths a softer source than Cs-137 would be prerferable.
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.0 DESCRIPTION OF RECOMMENDED PROTOTYPE SYSTEM DESIGH

Figure 10 is a functional diagram of the prototype system.
There will be several identical channels measuring the mass in
various sections of the tank. The separate channels will be
average« to obtain the total mass.

Each channel comprises a source, detector, collimating
shield, differential pulse height discriminator, integral pulse
height discriminator, integrator, power supply, pulse shaper, and

one magnetic tape into a computer where appropriate curve fitting
and averaging will be accomplished. The detector vata may b.
analyzec in a number of ways to provide a better system evaluation.
For example, fast averaging can be used to monitor transicnts, and
slow averaging to record steady-statc conditioms to high accuiccy.
The differential pulse height amalyzer sepavatcs the coumts

uncer the Cs~137 full absorption peck from the remain.cr oi th.

r
.’l)

b

feed
LL

. N .
o r i1 SR R R D
S CC UM These "L.lb';: 2 SULT aa Toordle
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~r < ~
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:3"
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oy

t

o8
e

The integral pulse heig scviminator is used to maintain

constant detector gain. The gain contvol Ifunction is accomplished

in the following way. ,

An alpha particle cmitting source is painted on the :‘ectector,

[}

A suitable source is Am=-241 which emits a 50 kev

[%}

amma an..

U2

lines between 5.3 and 5.5 mev. Tthe 60 kev gamma is [ar below the

(’">

Cs-1Z7 full absorption peak and hence contributes nothing to the
signal,
“he light output efficiency of the detector for - particles

is about 40% of that fo:r gamwa photons. Hence, a 5 mev particle
il
39




ER-80212

NOISAa WIALSAS IdALOLOYUd
11 FINOTA

JOVLIOA

mozmmmmmm.lue
(e A440S
YAMOd

~.

mmwﬁDOm /v
...\.. flafr

4
*40Ss1a
YOLVUOFINT jea——  LHOTEH g
4SINd
YALNdWOD TVIOHIINT u
oL :
A
|
_ )
i
" 4OS1d
YIAYODTY YHIVHS | e IHOIAH -
FavL 4s1nd 9snd ° J31Ia

£3X030831 90

sTouury) TBOTIIUDP] SUTIN

——rr

40



, ER-80212
will pro.uce a pulse height equivalent to the full absorption of

a 2 mev gamma particle. This is well above the Cs-137 peak. The
half-1life of Am-241 is about 450 years, so that the particle
frequency may be assumcd to be constant over the period of intevest.
the pulse height spectrum of the detector is shown in Figure 11.

If the detector gain is low, the count rate above the .iscyiminator
threshold will be too low. The count rate above this threshold
is integrated to obtain a control voltage for the power supply.
In the case of low gain, the low output from the integrator
commands an increase in supply voltage. As the supply voltage
increases the detector gain and hencc the count rate above the
integral discriminator threshold increases. 7he increasce will
continue until the integrator output reaches the reference volia
Further increase or gein will cause the intcgrator voltoge to
exceed the refercnce and thus give rise to a decrease gain
command. In this way, the detector gein is automatically main-
tained at the calibration value. ©Note that the géin control loop
includes both the scintillator an.i photomultiplier tubc so thet
stable gain is assured over a wi:de vange of ambient concitions.

5.1 Number and Placement of Sources and Detectors. It is

easy to see that if the number of detectors used is large, then
large sampling errors arve extremely unlikely under anticipated
operating conditions. TFor example, suppose 100 detectors are use:l.

Then even with the tank half full lying on its side under one

N
o

ey
X

conditions, with the fuecl static, the ma:imum sawpling e:.cow
woulc not exceed 5%. It shoulu be note< that this imaginary

41




1T NO13

AN QG a9y 09

ER-80212

oEnm T

uo3r ™~ '

LET wnis
_ A\\)///
yead \\\\

euued 147-UV

epnyTrduy osInd
ABH H° ¢ AR) 799
/// W h/

Bydiv W

T~ 1yz-wy |

}

pIoysaiyy M

*I08TQ J
Teuxslul

MOPUTM JOJBUTWIADIST(Q — o=
38 9sInd IvI3juLaxa8IIIqA

Jyeedojoud \\\\

(€1 wnTsa)

V]

wcouosm\\\

pa1933eds X ISTON

318y JUnoH



LR-50212

situation is far worse than would be encountered in practice, even

On the other hand, it is possible that one wight finc

@

an optimum location for a single detector such that satisfactory
results would be obtained for at léast some range of conditions.
It seems thet at the present time the best course of
action is to determine experimentally for the slosh tank, the
minimum number of detectors required. The number to be used in
initial experiments should be determined in cooperation with the
user, since the trade-oiff is purely an economic one, involving the
uscr's facilities. For example, the mnecessary information can be

obtained with a2 single cdetector. The mass ‘istribution within

the tank can be founa by 1oéating this detector at various points
and repeating runs uncer similar conitions. The same information
can be obtained with a larger number -of detectors with a pro-
portionate decrease in test steond time vequired. It is estimatec
that the cost to deliver one detector and source unit will be
about $18,300. Each additional .letector channel will increcase the
cost about $1,620, 7The reduction in test stand time will be
proportional to the number of detectors.

'

5.2 System Parameter Calculations. The detector area has
. ; 2 . 1 - . .
been selected as 20 cm™, since the cetector price rises shaiply

above this size, Cs~137 was selected as the source becouse it is
cheap, of long half-life, relatively easy to shiel., ana has a
suitable absorption coeificient. The detector will be Falltl)

since a high photo-electric cross-scction is necled,
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The detector efficiency is about 17%. “he source

strength per source will be 750 millicuries if 5 sources are used.
The total source strength woull be essentially constant regardless
of the number of sources. Hence, in the following we assume one
detector and 3.75 curies. The curve fit error will bc assumed
zer., since a sufficiently large computer will be used. Since
the computer permits variable averaging time, it is desirable to
express the accuracy as a function of the averaging time uscuo.
Full tank is the most scvere condition. The tank full count rate
is given by:

A
£ = Io DQ e"f‘(/"Ro
-4 R

n

where I 1is the source strength in photons sec‘l, AD the detector
(2]

area, Y the detector efliciency, P the fuel mass density, Mthe

-

absorption cocificient, ana R the source-detcecton
o

1

Fe
.Luu}_ nas:

1€

scparation. For the values mentioned above:

(3.75 x 3.17 x 10Y%) 3 20 x 0,17 1
12,56 = (520)° -00

- -1 4
405 sec

27N
i~
s

In addition, the graphite shield and tank wall introduce & factor
eduction, Hencc, the detector irequency, tank {vll will

be about 61 sec ~. The relative standard deviation of the count
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At {ull tank, the percent of full scale mass error (per detector)

is:

TR S—— 2

Or, solving for At:

) 1
S T Y (53

o,
Thus, at tank full, an accuracy of 0.257% requires At = 81 seconds.
0.5% can be obtained in 20 seconds, These correspond to system
time constants of 40 and 10 seconds, respectively, bThese times
are halved when about 117 of the fuel has been used, One may use
equation (4) to determine the time rcquired for a given accuracy
at any level.

It should be noted that the large taunk wall attenuations
could be avoided if the tank were designed to accommo-latc the
system. If the tank wall and heat shield losses arc only a foctor
of 2, then the response times mentioned above are improved by a

factor of 4.

5.3 Estimatec Size and Weight ol Prototype System.

5.3.1 Shields. An estimate of the shielding required to
reduce the extermal wuose rates to allowable values indicates that
the inboard sources will weigh about 4.8 pounds. The outboard
sources will weigh about 6.7 pounds. These estimates arc made for
a 5-source array.

In the event that a single source is used, the outboard

shields will still be sufficient for imstalling and removing the
45
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source. Additional shiclding cen be installed cinternally when the
source is located near the tank wall. If the number of sources
used 1is greater than 5, then each source is weaker and the
individual shield weights are reduced.

The outboard sources can be approached to within 2 fcet
on one side, The dose wvate at 2 feet for 750 millicuries of
unshielded Cs=-137 is about 600 mr/hy. “he tank wall and graphice
heat protector togeihei will reduce this by a factor of 2,3.
Assume the allowable ‘ose rate is 5 mai/hr. ‘“hen an additional
factor of 54 is nec:e.. The dose build-up factor in 4.7 mean
ivee paths of tungsten is about 2, ‘‘hevefore, if a tungsten shiel.
ot 4,7 mean frce paths is added, an attenuation of a little more
then 55 is obtaine . The tungsten thickness requirea is 2.6 cm,
Practically no shieling is =wequived o:cept on the side near tihie
wall, since only on this siuc can the source be approached. It is
estimated that a sphevical shicld ol cbout 4 cm dicmeter with he
source located oii conter enough to give tihe reguires 2.0 cm on
the tank wall side will suffice. 7The weight of tungsten will be
ebout 1.4 pounus. 7This only takes care of shielding. An
additional 1.4 pounds is needed for collimation. The greophite
heat shield will weigh about 2.9 poun s. ~he total comes to 5.7
pounds., Similar estimation shows the inboerd shielus will weizh
about 4.8 pounds. T“he total shiel: weight will then be about 50.8
pounds.

2.3.2 Detectors. Each ‘ctector incluuing its power supoly

s

and associated electronic civcuits will weish about 1.7 pouncs.



ER-80212

The total detector weight is then 15.2 pounds,

5.3.3 Total System. The weight of the major components is

06,1 pounds, Making allowance for miscellaneous mounting and
wiring, it is expected that the total system weight will be around
80 pounds.

3.2.4 Power Consumption. The detector power consumpiion is

estimated as follows:
Maximum signal frequeney = 2,1 ke
Peak current per pulse = 0,1 ma
Pulse width = 250. ns

Average current (max. signal) = 0,08

)

Dynode Bleeder Current = 5,0 a
Anode volts = 2000
100 mw

Total power per detectox

Total for nine detectors = 0,9 watt
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channel or 27 watts total. The system total is then about 28

4.0 RADIATION SAFETY

The system design is based on limiting the cxternal dpse rates.,
Lence, under normal conditions theve is no radiation problem. “he
problem arises in the case of a catastrophic accident. The source
cesign is such as to winimize the risk in this cventuality.,

Since temperatures as high as 06700°R may be reache’ in a

hylrogen fire, therc is no known material that-is completely immune

to the environment.
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Graphite will suirvive for a considerable time, however. The
combined loss of material due to oxi.ation and sublimation Lfrom
the carbon in an arc at 4000°C (6800°R) is about 3 inches per hour.
There ave coatings such as the .M Corporation silicized silicon
carbide which will reuuce this rate considerably.

Based on present knowledge of the problem, the source .esign
is as shown in Figure 12. The Cs-127 is alloyed with a cevamic
material (GM Corporation microspheres) which prevents leakage of
the Cs-137 up to about 1100°C. This greatly reduces the usual
sealing problems encountered with Cs-127. The microspheres ave
bonded in the tungsten shield and the entire assembly is enclos.oo
in a one-inch shell of silicon carbide coated graphite. This
assembly should remain intact and be easily recovered in the event

of a disastrous failure of the test stand.

Prepared by: Approved b

Dr. A. ', G. Gibson
Managei, Advanced Systems
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APPEIDIX 1
INTERACTIONS OF ELECTROMAGIETIC RADIATION WITH MATTER

As electromagnetic radiation passes through matter the result
may be to impart motion to the particles of the matter, The way in
which this particle motion is produced depends on the energy of the
radiation,

Low energy photons can interact only with frae or loesely
bound electrons. As the energy increases interaction with tightly
bound electrons occurs. At even high energies nuclear interactions
occur,

The procasses which may occur and their relative magnitudes
depend on the atomic number, atomic weight, and density of the
watter and the radiation energy, Thae probability of each process
may be expressed as a cross-sectlon can be obtained by adding tae
individual cross-sections. This total cross-section givas the
probabllity of some type of interaction and is the ong of interast
to the mass gaging problem, Examplas of the total cross-sections
or absorption coefficients for photons from 10 Kev to 10 Mev are
given in Figure 7 for several materials of low, medium, and high
atomic numbers, In this appendix, 8 qualitative description of the

various processes included iun Figure 7 is giveu.

SCATTERING

There are a number of ways in which photons may be scattered

by matter. Among these are Rayleigh scattering, Mie scattering,

1-1
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tric field or Delbruck scattering, nuclear Taomson scattering

|

0
p

ele
nuclear resonance scattering, and Compton scattering,

Nuclear resorance scattering is the nuclear analog of ordinary
fluorescence and has a very small cross-section, In faet the cross-
sections for all the scattering processes except Compton scattering
are negligible for the photon energy ranges from .2 to 1,0 M2v, which
is the range of interest in the gamma ray system. In the optical
region Rayleigh scattering will predominate.

iduclear Thomson scattering is essentially the sane as Rayleigh
scattering except the nucleus is involved rather than the electrons.
This type of scattering is just barely detectable,

While the several types of scattering which are obsaervable are
of considerable theoretical interest only Rayleizh scattering and
Compton scattering are of practical importance in the gaging systeu,

The essential characteristic of Rayleih scattering is that no
energy is converted from the electromognetic fov... A photon intor-
acts with 8 bound electron without ejecting the clectron. The
electron is caused to vibrate and as a result re-vaiiates the onergy
it receivecd. Thus, a portion of the energyv is provazated in a rew
direction. The scatterel radiation has the saue wavelength as the
incident radigtion. The total Rayleigh cross-section is= very s.aall
comparec with the Compton cross-section in tite Cs-137 wass gazing
system. The ratio of the total Ravleizh cross-sectior to the Cuupton

-5

cross~section is about 2 % 10 7 at 662 K:v., TIu arn optical systen

Rayleigh scattering is a major process.

[am]
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15 & inter.

o)
[

Compton scatterin crion betweern a photou and a

4}

free electror. The electron racaives kinetic enersy a8s a result
and hence the photon energy is degraled. A Compton collision can
occur between a photon of high energy and a loosely bound electeon
and the electron is ejected. 1In this case thne photon energy is
degrailed by the sum of the electronic kinotic crersy and binding
energy. A single Compton event ca: ve visualized as an elastic
collision between a photon and an elactron. Energy and momentum
are conserve., Comptor scattering is tue dominant proegs:s i the

Cs-137 systen.

A7 SORPTION

In addition to the scattering processes in which photon ereryv
may or may not be assorbes, there are a number of purely avsorpcive
processes whicii occur., 1In the photon enerpy raaze of interest

-

. R 1. . PR R Iy
only the pheoto-eloctric ef £

foct is of iuportanca,

Photo-electric absorption occur. wi.en a photon ajeets a bournd
electron. The photon cnergzv is completely spent in ejectiany Cio
electron and reining its zinetic enerzy. The pl.oto~elegtric cross-

o

section besomes high -ur lo energy piotoss and nizh Z materialcs,

¥

The photo-electric process is an important factor i the energy

raage o

)
Ft

g
J

a1 lower croscs-~zaction thar Joas Compton

N

ha

.
nitcrest, ba

r’l

scattering in the Cs-137

L

a.ze.,
Nuclear reactions occur at photor er xies above about 15 Mev.
Nuclear disintegratio., photo neutron proluction, meson production

all occur but are of no concer:s in the ereryy rance of interest,
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Pair productior mayv occur at encrgies above 1.02 Mev, but is
of no practical coucern in the gaging system. In pair production a
photon is converted into a positive-negative electron pair., The
kinetic energy of the pair is equal to the original photon ensrgy
minus the energy equivalent to the rest nass of the pair. Tue
process occurs in reverse alse; i.e,, a positron electron pair may
nnihilate with production of a photon. Tae praocesses of pair
production, anninilacrion and “reusstrahlung together make it
possible for a single high energ.- particle (either a ohoton cr
charged particle) to ‘‘create' manv lower ¢nergy particles, Plot
are produced by charged particles through tihe sremacstra-lung process,
or charged particles are produce. by palr productior. Then photons
are produced by aunihilation and so on. The interactior of a si.gle
very high energy particle with matter the.. can result in procuccion
of an ertremely large number of particles of all kinds,
In sumnary, the various processes dare listed togoro.2r wich the

approximate photon energy, ranges where their eifocts are consicaerzhlae .

1. Rayleigh {Classical) Scattering - (below 1Ju Kov)

2. Compton Scattering - (J.1 to 10.u Mev)

" PN . . Low Z up to 113 Kev
3. Photo-Electric Absorption (High Zoup to L. mev

4. Pair Production ClObQ ctlon increases up to very
high maximum above 103 Mev |

{"‘hresho]t*1 about 7.) ifev for

very btigh 2, 1J to 15 iev

5. Photo Nueclear Reactions 1
for low 7
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APPENDIX II

PRELIMINARY STUDY OF OPTICAL TECHNIGQUES
FOR FUEL TANK MEASUREMENT. LOZ’ 1H2

STATEMENT OF PROBLEM FROM OPTICAL STANDPOINT

The main problem stems from the tank size involved. The
approximate dimensions of a typical subject will be 30 feet x 20 feet
feet., 1t is the fact which makes '-radiation detection difiicult.
The second important diifficulty from the optical standpoint is
that the tanks used to hold the L0, or 1H, are opague to optical
radiation. From X-ray wave lengths deep into the Infrared regionm,
metals have very strong opacity so that the sources or detectors
used must be inside the tank. Thercfore, both sources and
detectors must operate at LH2 temperatures.

The problem then is to choose a source and detector system
which operates at LH2 temperatures and which interact linearly
with the atoms or molecules of the fuel so that the detection of
mass will be 1lndependent of geometry.

FEASIBILITY OF INFRARED SYSTEM

One possible range of wavelengths studied was from 9000 Z
to 11,000 Z. This is a particularly good region since there awxe
known characteristic absorption bands in this region - Liquid
Oxygen has a band from 10,700 Z to 11,100 Z. This 1s a combina-
tion liquild level interaction with rotational energies. One
might expect that the interaction would be linear 1f the path
half-length is long. Two problems arise. The first is that the
strength of the band is too high. 7“he characteristic half-

I1-1
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length is of the order of 10 centimeters. Thus at the great
lengths involved here, the non-lincarities would be large. Fou-
ever, the bands are very broad and if a sharp line source would
be available near the tail of the absdzption band, the problems
would be diminished. Thereiore, a source is neceded which
operates between the narvow limits of 10,950 Z at liquid oxygen
temperatures. There are excellent <detectors in this region.

The questions are then:
(1) o obtain a line source.
(2) To measure the amount of non-linearities in LO,.
The problems involve engineering problems as well as certain
basic physics problems. The transition involved is a magnetic
dipole electronic-rotational one. As such, second order
induction effects are of some importance. However, these effects
are primarily density dependent an! would differentiate between
liquid and gaseous states, rather than geometric factors. The
feasibility of this technique requires erperimental verification.
References:
Cho, Allin, Welsh. J. Chem. Phy. 25 (1956)
Gush Hare Allin Welsh, Can J. Phys 38 (1960)
Chisholm, Welsh Can J. Phys 32 (1954)
Harrick, Ramsey Phy Rev. 88 (1952)
FEASIBILITY OF MICROWAVE TECHNI(UES

Considerable study of the literature indicates that not
enough experimentation has been done on the absorption of micro-

wave Lrequencies by liguids. The wrin work has to <o with the

I1-2
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changes in the index of refraction at mlcrowave frequencies. The

apparatus required for measurements of this kind is large and dif-
ficult and the use of a missileborne system .loes not appear to
offer a practical solution without a long term research project.

In view of other possibilities with visible and infrared techmiques,
the entire microwave bands were dropped from consideratiom.

FEASIBILITY OF OPTICAL TECHNIGUES

There are two well known absorption bands in Lo, at
4835-4900 A and 4200-4230 A. The latter of these is weaker and
has a more linear characteristic. The lower wavelength transition
is electric dipole and should be basically linear if a narrow band
source can be found. Apparently, there are scintillation Yt
sources available. However, the most likely approach would be to
use a combination of the two bands and to experimentally determine
the best mixture of the data to enhance the linearity.

The scintillator sources have the advantage that they can be
placed in the tank. These optical frequencies can be detected
with semi-conductors which are available or with a light
collection system and photo tube measurement similar to the one
used with the scintillation system now employed. Some experi-
mental work is requirel to furnish complete information. A
combination of two bands is required to remove the exponential
part of the mass dependence.

Not much literature is available on IH,. llowever, it is
known that at least four bands are in the visible spectrum an. it

would be relatively simple to isolate them for the purpose of
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this subject.

The difficulties are primarily engineering ones. That is,
the actual sources, detectors, and filters need to be studied
further. The problems are themn:

1. To find adequately strong sources, preferably

for both regions.,

2. To develop a detection and mixing scheme for

the two bands.

3. To find which bands to use in the LH, tanks.

These problems are surmountable in a reasonable time with
limited funds, and represent a definite advantage over the
infrared region because of the temperature problems.

SUGGESTED EXPERIMENTAL PROGRAM

It is suggested that a single approach be made to examine
both the visible and infrared techniques. A cylindrical tank,
approximately 2 feet in diameter by 6 feet lomg, with ports for
four sources at one end and four detectors at the other, will be
required. The sources and detectors should be evenly dispe&sed
on the planar emds of the tank. Simple linearity tests can then
be wmade to study the zero gravitational geowmetry problem.

For the visible region, the tests would be dome in three
phases. Phase I would consist of using a mercury vapor ultra-
violet source with quartz windows. The spectrum would be analyzed
witha prism spectrograph (Hilger (uartz Type). On a photographic

plate the spectrum should be photographed at every tenth fractiomal
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fluid level and with as low an input intensity as practical. An
ultraviolet 1/64 Corning filter would be sufficilent to block
unwanted visible spectra from the experiment. TFor the first rum
a simple two lense system should be used for a focused beam, while
on the second run an unifocused system should be used. With all
detectors operating, the source should be moved from one position
to another and the results analyzed in terms of geometrical
dependence. This must be done to analyze the scattering problem.
When the source and detector are aligned, only the absorption is
involved and the scattered light should be very low. In an actual
tank scattering must be accounte:il for. Phase III should comsist
of selection and trial of line sources and detectors and the trial
thereof. The problems of weak sources must be handled since all
available solid sources are very weak., However, the basic
linearity should be studied before the expense of source detector
determination is made. It will probably turn out that two kinde
of sources are required for the two bands, but only one detector
will be required. The mixing of the two bands can be Jone by
filtering techniques over the individual sources.

The same tank will be usable for the infrared exploration.
However, the sources must be used sooncr. These should be induced
emission sources or junctions which are now available. Similar
devices may be used as detectors. For infrared techniques, Phases
I and II should be combined. If the wavelengths cam be produced
as indicated in paragraph "Feasibility of Infrared System', then

the geometry problem may be studied directly. Different source-
I1-5
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detector pairs will be requirved for LHZ, but it is more practical
to study one type of level measurement at a time.

“he size tank <csciribed here should be sufficient to
determine vhich of the two technicues is more suitable to large

volume.

Li-0



